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Description 

This invention relates to digital modulation, particularly, but not exclusively, for high density data recording. 
The so-called D-2 format, currently employed in a composite digital video tape recorder, makes use of an M 2 code 
5 (Modified Miller Code) as a code system for digital modulation. This M 2 code uses a non-blocked system, and has 
excellent characteristics. 

If the period of a train of modulated signals is T, then the minimum length T M | N between transitions, that is the 
minimum distance between a point of signal inversion or transition and the next point of transition, is given by T MiN =1 .0T. 

The maximum length T MAX between transitions, that is the maximum distance between a point of signal inversion 
10 or transition and the next point of transition, is given by T MAX =3.0T 

The window margin T w , which is a measure of the tolerance, or how much variation in the signal time axis can be 
tolerated without code error, is given by T W =0.5T. 

The most significant feature of the M 2 code is that it is free of dc components. The digital sum value (DSV), used 
in a known manner in evaluating the dc components of modulated signals, gives a measure of the dc components as 
'5 the value of the sum total of scores +1 and -1 , with the score +1 and the score -1 being given to a high level "1 n and a 
low level n -1 n of a code data waveform, respectively. With the M 2 code, occurrences of level transitions are controlled 
so that the DSV value is within ±3, so as to render the code dc-free. The M 2 code, thus being dc-free, significantly 
favours system implementation. 

The minimum length T M | N between transitions is as high as LOT to provide for the possibility of high recording 
20 density. Data recording or the like in accordance with this format permits high quality data transmission or the like. 

However, there is a move towards a still higher recording density in data recording, that is, using a shorter wavelength 
and a narrower track. 

For tracking accuracy in excess of a predetermined tplerance value, a narrower track width is used, and data need 
to be read using a reproducing magnetic head having a width greater than the track width. In such a case, the reproducing 

25 magnetic head reads out data recorded on adjacent tracks. That is, cross-talk occurs between adjacent tracks, so the 
S/N ratio is deteriorated. This cross-talk between adjacent tracks is worst in a recording wavelength region for which 
the azimuth loss effect of the magnetic head is diminished, that is, at lower frequencies. 

According to the present invention there is provided a digital modulation method for converting 8-bit data of a binary 
system, wherein each bit indicates one of two binary values "1 M or "0", into binary 16-bit data of the same binary system, 

30 said modulation method comprising: a first step of sequentially separating 8-bit data from an input data string; 

a second step of forming a number of different 1 6-bit data of from 1st to 16th bits, satisfying the following conditions (1) 
to (6), for each of said 8-bit data; 

(1 ) the number of consecutive "0"s or "I "s from the 2nd to the 15th bits is two or more; 
35 (2) the number of consecutive p 0 n s or "1 p s from the 1 st to the 1 6th bits is five or less; 

(3) the number of consecutive °0 a s or Ts from the 1 3th to the 1 6th bits is four or more; 

(4) the absolute value of the code word digital sum CDS, obtained upon summing scores "+1° and "-1° for said 
binary values of T and "0", respectively, for the 1st to 16th bits, is four or less; 

(5) the absolute value of the code word digital sum CDS(k), obtained upon summing scores n +1 0 and a -V for said 
40 binary values of T and ■0", respectively, for the 1st to kth bits, where 1<k<16, is five or less; and 

(6) when the 16-bit data are converted into serial data which are then coupled together and outputted, the number 
of consecutive "C^s and "1 "s in any part of the outputted serial data is not less than two and not more than five, and 
the value of DSV, obtained as the sum of scores n +1 n and °-1 n , for said binary values of "1 " and "0", respectively, is 
not more than three; and 

45 a third step of converting the 1 6-bit data from the second step into serial data and coupling the serial 1 6-bit data for 

outputting as coupled modulated digital data. 

According to the present invention there is also provided apparatus for digital modulation for converting 8-bit data 
of a binary system, wherein each bit indicates one of two binary values of "1" or "0", into binary 16-bit data of the same 
50 binary system, the apparatus comprising: 

first means for sequentially separating 8-bit data from an input data string; 

second means for forming a number of different 1 6-bit data of from 1st to 1 6th bits, satisfying the following conditions 
(1) to (6), for each of said 8-bit data: 

ss 

(1) the number of consecutive "Cs or Ts from the 2nd to the 15th bits is two or more: 

(2) the number of consecutive M 0 B s or "1 "s from the 1st to the 1 6th bits is five or less; 

(3) the number of consecutive "0°s or "Vs from the 13th to the 16th bits is lour or more; 
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(4) the absolute value of the code word digital sum CDS, obtained upon summing scores "+1" and n -1 n for said 
binary values of "1 " and "0°, respectively, for the 1 st to 16th bits, is four or less; 

(5) the absolute value of the code word digital sum CDS(k), obtained upon summing scores M +1 " and "-1 M for 
said binary values of "1 " and "0", respectively, for the 1st to kth bits, where 1^k<16, is five or less; and 

(6) when the 16-bit data are converted into serial data which are then coupled together and outputted, the 
numbers of consecutive "0 n s and "1 n s in any part of the outputted serial data is not less than two and not more 
than five, and the value of DSV, obtained as the sum of scores '+1 0 and "-1 n , for said binary values of "1 0 and 
n 0 p , respectively, is not more than three; and 

third means for converting the 16-bit data from the second step into serial data and coupling the serial 16-bit 
data for outputting as coupled modulated digital data. 

An embodiment of the present invention provides a digital modulation system in which a string of input data is divided 
at an interval of eight bits and the resulting 8-bit data are converted into 1 6-bit digital modulation code data. These 1 6-bit 
digital modulation code data satisfy the conditions that the consecutive number of "O's or n 1 n s is two or more between 
the 2nd bit and the 15th bit, the consecutive number of "0"s or "1 "s between the 1st bit and the 16th bit is five or less, 
the consecutive number of "0"s or Ts between the 13th bit and the 16th bit is four or less, the absolute value of the 
code word digital sum CDS of the 16 bits of the modulation code data, used for calculating a digital sum value (DSV), 
is four or less, and the absolute value of the code word digital sum from the leading bit to a kth bit in the modulation 
code data, or the CDS(k), k being arbitrary, is five or less. In addition, the number of consecutive "(Ts or Ts in any 
portion of digital data produced upon consecutively transmitting or recording 1 6-bit digital modulation code data satisfying 
the above conditions is not less than two and not more than five, the 1 6-bit digital modulation code data being substantially 
dc-free, and the absolute value of the DSV being not more than three. 

With a digital modulation system according to the present invention, as compared with the M 2 code system, such 
parameters as the minimum length T M!N between transitions and the window margin T w are maintained at the same 
values as those for the M 2 code system, while the maximum length T MAX between transitions is less than that in the M 2 
code. As a result, the low frequency components may be diminished as compared with the case of the M 2 code. 

Because of the lower content of the low frequency components, cross-talk between adjacent tracks during recording 
may be diminished to improve an S/N ratio. 

Even although the minimum recording wavelength, that is the minimum length between transitions, used for record- 
ing, is equal to that with the M 2 code, clocks may be locked with a PLL system at the reproducing side more easily 
because the maximum length T MAX between transitions is as short as 2.5T. 

Moreover, the erasure rate during overwriting may be improved due to higher spectral concentration. 

In addition, it becomes possible to diminish the peak shift of recording data produced during recording. 

The invention will now be described by way of example with reference to the accompanying drawings, throughout 
which like parts are referred to by like references, and in which: 

Figure 1 is a status transitbn diagram showing status transition of a digital modulation system; 

Figure 2 is a block circuit diagram showing an encoder of the digital modulating system; 

Figure 3 is a block circuit diagram showing a decoder of the digital modulating system; and 

Figure 4 is a graph showing frequency characteristics for an M 2 code conversion system and the present 8-16 

conversion system. 

With the present digital modulation system, input data are divided at an interval of 8 bits, and the resulting 8-bit data 
are converted into 16-bit modulated coded digital data. Specifically, there are 2 8 possible input 8-bit binary data, that is, 
256 possible input data, whereas there are 2 16 possible 16-bit binary signals, in other words, 256 8-bit input data are 
converted into a possible 65,536 16-bit data. 

Thus a plurality of candidate conversion codes may correspond to each of the input data. Since it is necessary to 
select conversion codes from those candidate conversion codes quickly, and so that the selected conversion codes are 
dc-free and free from low frequency components to give low error rates, those conversion codes which will satisfy the 
following conditions are previously arranged as conversion tables (table columns). That is, with the 8-16 conversion 
code, the input data are modulated so that there are two or more consecutive °0 p s or "1 D s from the 2nd bit to the 15th 
bit of the above mentioned 16-bit conversion code data; there are five or less consecutive "0 p s or B 1 a s between the 1st 
bit and the 16th bit of the 16-bit conversion code data; there are four or less consecutive °0 n s or fl 1°s between the 13th 
bit and the 16th bit of the 16-bit conversion code data; the absolute value of the code word digital sum CDS of the 16 
bits of the modulation code, produced when calculating a digital sum value (DSV) by summing "1 M s and "0 n s of the bits 
in the modulation code data as "+1 " and '-1 d , respectively, is four or less; and the absolute value of the code word digital 
sum from the leading bit to an arbitrarily selected kth bit in the modulation code data, or CDS(k), is five or less. 

The above is the conversion rule when modulation code data according to the 8-16 digital conversion system, or a 
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modulation code block, is treated by itself. If a plurality of these modulation code blocks are arrayed in juxtaposition to 
each other, those modulation code data which are more desirable as the digital data in their entirety are selected from 
the plurality of candidate modulation codes corresponding to each of the 256 data. 

Specifically, with the present conversion code, not only the above conditions need to be satisfied, but also coupling 
5 between adjacent code blocks need to be taken into account, as will be explained subsequently. That is, in any portion 
of consecutively transmitted or recorded digital data, the number of consecutive a 0 a s or '1 °s is two or more and five or 
less, there should be no dc components, and the absolute value of the DSV is three or less. Each of the 8-bit data 
divided from the input data string is modulated by selecting the modulation data associated with the input data. If the 
coupling between adjacent modulation code blocks is selected to satisfy the conditions which will be explained subse- 
10 quently, the sum of the waveform levels or DSV equals zero or equals ±2. For quickly selecting the conversion codes 
corresponding to the input data responsive to these states, several conversion tables are provided in the present em- 
bodiment, as will be explained subsequently. 

Several specific examples of modulation codes conforming to the above modulation rule are given below. 

In the first place, the digital sum value DSV, represented by the sum of the digital waveform levels of the coded data 
15 or bits, wherein "1 " and "O" are treated as the digital waveform levels "+1 " and °-1 M , respectively, is used as an index for 
judging whether the modulation code is free of dc components, that is, dc-free. 

Secondly, the code word digital sum CDS, indicating the sum of code waveform levels, indicates the sum of all of 
the digital waveform levels within each 16-bit modulation code data. 

Thirdly, CDS(k), one of the sums of the code word waveform levels, indicates the sum of the digital code word 
20 waveform levels from the leading bit to an arbitrary bit of each modulation code data. 

Similarly, the sum of the waveform levels of an nth 1 6-bit modulation code DSV(n), as found in accordance with the 
above rule, represents the sum of the digital waveform levels of the coded data or bits from a past until the current time 
point. In other words, the sum of the digital waveform levels DSV(n) of the 16-bit modulation code at the current time 
point represents the sum of the digital waveform levels of the 16-bit modulation code data up to the (n-1)th modulation 
25 code block and the digital waveform levels of the current 16-bit modulation code block. 

The above three types of level sum values are represented by the following equations: 

CDS « 1 (2xA r l) ...U) 
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CDS(k) = £ (2x^-1) -..(2) 
i*l 

35 DSV(n) = DSV(n-1)4-CDS (3) 

In the above equations, the superscripts k assume a value of 1<k<16, and the variable n represents that the mod- 
ulation code block is the nth 16-bit code block among the 16-bit modulation code blocks, whilst Aj in equations 1 and 2 
indicates the value of the bits, which may be binary "1 n or "0". 

With the above-mentioned modulation codes in which all of the conditions of the above-mentioned modulation rule 

40 for converting the 8-bit digital data into 16-bit digital conversion code data are satisfied, the value of the sum of the 
waveform levels or DSV of the modulated code data from a past until the current time, is either equal to zero or equal 
to ±2, if the conditions that, in any of the portions of continuously transmitted or recorded digital data taking account of 
coupling between adjacent code blocks, the number of consecutive a 0 D s or "1 °s is two or more to five or less, the dc 
components are eliminated and the absolute value of the DSV is three or less, should be satisfied. 

45 Using the above symbols and equations, this will be further explained with reference to Tables 1 to 5. 



TABLE 1 



so 



56 





DSV=0 


DSV=+2 


DSV=-2 


0(00H) 


CDS=0 00-11 
-3^CDSP^1 


CDS=0 11-00 
1^CDSP^3 


CDS=0 00-11 
-3^CDSP^1 


CDS=0 11-00 
-1 ^CDSP==3 




CDS=+2 00-11 
-3^CDSP^3 


CDS=-2 11-00 
-3<CDSP=£3 


CDS=0 00-11 
CDSP MIN =4, -5 


CDS=0 11-00 
CDSP MAX = 4,5 



Continuation of the Table on the next page 
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TABLE 1 (continued) 







DSV=0 


DSV=+2 


DSV=-2 


5 




CDS=0 00— 1 1 
-3==CDSP^3 


CUS=0 11 — 10 
-3^CDSP==3 


CDS=-2 00-01 
00-11 
-5 ^ CDSP ^ 1 


CDS=+2 11-10 
11-00 
-1 S CDSP ^ 5 


10 




CDS=0 00~11 
CDSP MAX = 2,3 


CDS=0 11-00 
CDSP M | N =-2, -3 


CDS=-4 10-00 
-5^CDSP^1 


CDS=+4 01-11 
-1 ^CDSP ^ 5 


15 




UUo=U U I — U 1 

01-11 
-3^CDSP=g3 


UUo=U IU— IU 

10-10 
-3^CDSP^3 


CDS=-2 10-10 
-5^CDSP^1 


CDS=+2 01-01 
-1^CDSP^5 




CDS=+2 01-11 
CDSP MIN =-2, -3 


CDS=-2 10-00 
CDSP MAX =2,3 


CDS=-2 10-00 
CDSP MIN =-4, -5 


CDS=+2 01-11 
CDSP MAX = 4,5 


20 




CDS=+2 01-11 
-1^CDSP^3 


CDS=-2 10-00 
-3^CDSP^1 


CDS=-2 10-00 
-3^CDSP^1 


CDS=+2 01-11 
-1^CDSP^3 


25 


127(7FH) 


CDS=-2 00—00 
-3^CDSP^1 


OHO . O H H H H 

CDS=+2 11 — 11 
-1^CDSP^3 


CDS=-2 00-00 
-3^CDSP^1 


CDS=+2 11-11 
-1^CDSP^3 


128(80H) 


CDS=0 00—00 
00-10 
-3^CDSP^3 


CDS=0 11 — 11 
11-01 
-3=SCDSP^3 


CDS=-2 00-00 
CDSP MIN = 4,-5 


CDS=+2 11-11 
CDSP MAX = 4,5 


30 




CDS=-2 00-00 
CDSP MAX =2,3 


CDS=+2 11-11 
CDSP M1N =-2, -3 


CDS=-4 00-00 
-5^CDSP^1 


CDS=+4 11-11 
-1^CDSP^5 


35 




CDS=-2 01-00 
-3^CDSP^3 


CDS=+2 10-11 
-3^CDSP^3 


CDS=-2 00~10 
-5^CDSP^1 


CDS=+2 11-01 
-1^CDSP^5 






CDS=0 01-10 
-3<CDSP<3 


CDS=0 10-01 
-3<CDSP^3 


CDS=-2 10-11 
-5<CDSP<1 


CDS=+2 01-00 
-1 ^CDSP=£5 


40 




CDS=0 01-00 
CDSP MiN =-2, -3 


CDS=0 10-11 
CDSP MAX =2, 3 


OUo=-£ IU— Ul 

-5^CDSP^1 


OUo=+£ Ul — IU 

-1=gCDSP^5 


45 


255(FFH) 


CDS=0 01-00 
-1^CDSP^3 


CDS=0 10-11 
-3^CDSP^1 


CDS=0 10-11 
-3^CDSP^1 


CDS=0 01-00 
-1 ^CDSP^3 



TABLE 2 



50 



55 





Table Column 0 


CDS 


JT 


120 


0111000111100011 


2 


1 


121 


0111001100110011 


2 


1 


122 


0111001110000111 


2 


1 



Continuation of the Table on the next page 
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TABLE 2 (continued) 



w 



15 



20 



25 



30 





Table Column 0 


CDS 


JT 


123 


0111100001100111 


2 


1 


124 


0111100001110011 


2 


1 


125 


0111100011000111 


2 


1 


126 


0111100011100011 


2 


1 


127 


0111100110000111 


2 


1 


128 


0001100110011100 


-2 


1 


129 


0001100111001100 


-2 


1 


130 


0001110001111000 


-2 


1 


131 


0001110011001100 


-2 


1 


132 


0001111000011100 


-2 


1 


133 


0001111000111000 


-2 


1 


134 


0011000110011100 


-2 


1 


135 


0011000111001100 


-2 


1 


136 


0011001100011100 


-2 


1 


137 


0011001100111000 


-2 


1 


138 


0011001110001100 


-2 


1 


139 


0011001110011000 


-2 


1 


140 


0011100001111000 


-2 


1 


141 


0011100011001100 


-2 


1 


142 


0011100110001100 


-2 


1 


143 


0011100110011000 


-2 


1 


144 


0001100110011110 


0 


0 


145 


0001100111001110 


0 


0 


146 


0001100111100110 


0 


0 


147 


0001110001111100 


0 


0 


l *fO 


UUU I I I UU I I UU I I I u 






149 


0001110011100110 


0 


0 


150 


0001110011111000 


0 


0 



TABLE 3 



45 



55 





Table Column 1 


CDS 


JT 


120 


1000111000011100 


-2 




121 


1000110011001100 


-2 




122 


1000110001111000 


-2 




123 


1000011110011000 


-2 




124 


1000011110001100 


-2 




125 


1000011100111000 


-2 




126 


1000011100011100 


-2 




127 


1000011001111000 


-2 




128 


1110011001100011 


2 




129 


1110011000110011 


2 




130 


1110001110000111 


2 





Continuation of the Table on the next page 
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TABLE 3 (continued) 



10 



20 



25 





Tab 1 8 Column 1 


UUo 


IT 


1 31 


1110001100110011 


2 


1 


132 


4 4 M A ^\ A A <d U U U A A^\ U -4 

1110000111100011 


2 


1 


133 


4 U U A AAA U J ^ A A A ^ ^ W 

1110000111000111 


2 


1 


134 


1100111001100011 


2 


1 


135 


1100111000110011 


2 


1 


136 


_l j A A ^ 4 A A -I -1 <4 AAA J] 4 

1100110011100011 


2 


1 


137 


4 4 AA M -4 A A -1 -4 AAA -i ^ -4 

1100110011000111 


2 


1 


138 


1100110001110011 


2 


1 


139 


1100110001100111 


2 


1 


140 


1100011110000111 


2 


1 


141 


1100011100110011 


2 


1 


142 


U d A A A J 4 A A <4 ^ A A <4 ^ 

1100011001110011 


2 


1 


143 


J -4 AAA -4 d A A 4 U\ AA ^ J 4\ 

1100011001100111 


2 


1 


144 


1110011001100001 


0 


0 


145 


^ <4 ^ A A ^ -4 A A A 4 -1 AAA M 

1110011000110001 


0 


0 


146 


1110011000011001 


0 


0 


147 


1110001110000011 


0 


0 


148 


1110001100110001 


o 


o 


149 


1110001100011001 


0 


0 


150 


1110001100000111 


0 


0 



TABLE 4 



35 



45 



55 





Table Column 4 


CDS 


JT 


30 


0011000011100111 


0 


1 


31 


0011000011110011 


0 


1 


32 


0011000110001111 


0 


1 


33 


0011001100001111 


0 


1 


34 


0000011100110011 


-2 


0 


35 


0000011100111001 


-2 


0 


36 


0000011110000111 


-2 


0 


37 


0000011110011001 


-2 


0 


38 


0000110001110011 


-2 


0 


39 


0000110001111001 


-2 


0 


40 


0000110011000111 


-2 


0 


90 


1000110001110000 


-4 




91 


1000110000111000 


-4 




92 


1000110000011100 


-4 




93 


1000011100110000 


-4 




94 


1000011100011000 


-4 




95 


1000011100001100 


-4 




96 


1000011001110000 


-4 




97 


1000011000111000 


-4 





Continuation of the Table on the next page 
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TABLE 4 (continued) 





Tabl9 Column 4 


CDS 


JT 


C70 


1 00001 1 00001 11 00 

1 Uwu 1 1 \J\j\J\j 1 1 1 \J\J 


-A 


1 


QQ 


1 000001 1 1 001 1 000 


-A 


1 

■ 


mo 


1 000001 1 0001 1 1 00 

1 \s\J\J\J\J 1 1 UUU 1 1 1 UU 


-A 


i 
i 


101 


1000111000001110 


-2 


0 


102 


1000110011000110 


-2 


0 


ifH 

I uo 


1000110001100110 




n 

w 


104 

I U*r 


100011000001 1110 




n 

u 


10^ 
I UO 


100001 1110000110 
i uuuu i i i i uuuu 1 1 u 




n 

u 


1 OO 


nn 1 1 nnn 1 1 nn 1 1 nnn 

UU I I UUU I I uu ( 1 uuu 


-A 


' 


I OO 


noi 1 oni 1 00001 1 oo 

UU I l UU I I UUUU I I UU 


-A 




187 


0011001100011000 


-4 


1 


188 


0011001100110000 


-4 


1 


1RQ 


001 1 1 000001 1 1 000 


-A 






oo 1 1 1 00001 1 1 oono 


-A 




1 01 


OO0O01 1 1 0O01 1110 

UUUUU 1 1 1 UUU 1 1 1 1 u 


_o 


u 


9A1 


1 001 1 001 1 00001 1 1 

I UU 1 1 UU 1 1 UUUU 1 1 1 


n 

u 


■ 


9A0 


1 00 1 1 000 111 000 1 1 

1 UU 1 1 UUU 1 1 1 UUU < 1 






243 


1 001 1 0001 1 0001 1 1 


o 




244 


1001100001110011 


0 




245 


1001100001100111 


0 


; 


246 


1000111001100011 


0 




247 


1000111000110011 


0 




248 


1000110011100011 


0 




TABLE 5 




Table Column 5 


CDS 


JT 


30 


1100111100011000 


0 


1 


31 


1100111100001100 


0 


1 


32 


1100111001110000 


0 


1 


33 


1100110011110000 


0 


1 


34 


1111100011001100 


2 


0 


35 


1111100011000110 


2 


0 


36 


1111100001111000 


2 


0 


37 


1111100001100110 


2 


0 


38 


1111001110001100 


2 


0 


39 


1111001110000110 


2 


0 


40 


1111001100111000 


2 


0 


90 


0111001110001111 


4 


1 


91 


0111001111000111 


4 


1 


92 


0111001111100011 


4 


1 


93 


0111100011001111 


4 


1 



Continuation of the Table on the next page 
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The item JT shown in the above Tables 2 to 5 will be explained in connection with a state transition diagram. 

The sum of the waveform levels DSV of the current nth 1 6-bit modulation code block, shown by equation 3, is 
40 indicated at the head of the columns of Table 1 . CDSP in Table 1 indicates the sum of the waveform levels from the 
leading bit to an arbitrary bit of a 16-bit modulation code block, and corresponds to the above-mentioned CDS(k). 

The conditions with the sum of the waveform levels DS V=0 in Table 1 , are as follows: Not only the above-mentioned 
8-1 6 conversion rules are satisfied, but also the number of consecutive "0"s or Ts in a beginning portion of each code 
block is four or less, the absolute value of the sum of the digital coded waveform levels of coded bit data in the modulated 
45 code block is three or less, that is, I CDS(k) I <3, with the code digital sum CDS being zero. Alternatively, with the sum 
of coded digital levels of 16-bit coded data or CDS being -2, the beginning bit of the coded block is "O" and the end of 
the coded block is two contiguous w 0 n s or "...00°, or the beginning bit of the coded block is "O" and the end of the coded 
block is two contiguous Ts or "...11 

II is apparent that, with the modulated code data having the above-mentioned three patterns, the above conditions 
50 may be fully met when the data of the 1 6 bits are complemented. 

For example, NRZ modulated code data 1 44 to 1 50 shown in table column 0 shown in Table 2, satisfy the conditions 
that the number of contiguous B 0"s or Ts at the beginning of the block is four or less and the relation I CDS(k) I <3 is 
met, with the code digital sum CDS being zero. 

Referring then to table column 1 of Table 3, the data satisfying the above conditions may be prepared by comple- 
55 menting the 16-bit data of the modulated code block shown in table column 0. The data satisfying these conditions are 
the modulated NRZ code data 144 to 150 shown in table column 1 of Table 3. The code digital sum CDS of the 16 bit 
data, calculated by equation 1 , is found to be equal to zero. 
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In addition to the above-mentioned codes, there is also a modulated code for the digital sum value DSV=0 in which 
the code digital sum CDS of the 1 6-bit coded data is -2, the beginning part of the block is n 0..." and the end of the block 
is "...OCT. The modulated input NRZ code data 128 to 143 shown in table column 0 of Table 2 represent the modulated 
code data satisfying the above conditions. 
s There is also a modulation code in which the code digital sum CDS is +2, the beginning part of the code block is 

"0..." and the end part is two contiguous "1 p s or "...1 1 p . The modulated NRZ code data 1 20 to 127 shown in table column 
0 of Table 2 correspond to the modulation code satisfying the above conditions. 

The modulation code data prepared by complementing the 16-bit data of the modulated input NRZ data shown in 
table column 0 of Table 2 are shown in table column 1 of Table 3. 
10 The 16-bit modulated code data shown in Table 1 are converted from NRZ input data 0 to 255 in such a manner 

that, with DSC=0, the number of contiguous "0 n s or "1 "s in any portion of interlinked code blocks is two to five, there are 
no dc components, and the absolute value of the DSV is three or less, whereby the above 8-16 conversion rule is 
satisfied, and coupling between the code words is taken into account. 

Another table for modulated code blocks is prepared on the basis of DSV=±2 wherein the above 8-16 conversion 
15 rule is met, and the coupling between adjacent code blocks is also taken into account. 

In such other table for modulation codes, there are a case where the sum of waveform levels DSv*=+2 and a case 
wherein DSV=-2. It is seen from Table 1 that the relation between these two cases is such that the bits of the modulated 
code blocks are complemented so that the signs of the DSVs are opposite to each other. In addition, the absolute value 
of the sum of the digital levels of the coded data from the leading bit to an arbitrary kth bit or CDS(k) is five or less in 
20 both of these cases. It may be seen from this that the modulation code system satisfies the above condition when 
DSV=+2 and -2, wherein the signs are opposite to each other. 

For this reason, the condition for DSC=+2 will be explained, while the opposite case of DSV=-2 will be omitted. 

In the first place, for DSVW2, the sum of the absolute values of the digital levels of the above-mentioned coded 
data from the leading bit to an arbitrary bit in the modulated code need to be five or less, that is, the absolute value of 
25 the sum of digital levels to an arbitrary bit in the code block should be such that -5^CDS(k)<1, in order that the 8-16 
conversion rule and also the conditions shown in Table 1 are met. It is now envisaged to prepare a modulation code in 
which, in the modulation code with -5<CDS(k)<1, coupling at the neighbouring code blocks is additionally taken into 
account. 

Among the modulation codes for which DSV=+2 and I CDS(K) I <5, the following six conditions are thought of as 
30 the 1 6-bit modulation code which will satisfy the condition 5<CDS(K)<1 . 

For DS W+2, the f i rst condition is that the code digital sum CDS of the 1 6-bit data is zero, the beginning starts "00.. . 
and the end part is constituted by consecutive n 1 "s, namely "...11". 

The second condition is that the code digital sum CDS is zero, the beginning starts with "1" and "0", that is with 
"10...", and the end terminates with consecutive Ts, namely with "...11". 
35 The third condition is that the code digital sum CDS is -2, the beginning starts with consecutive "0"s, namely with 

"00...". 

The fourth condition is that the code digital sum CDS is -2 and the beginning starts with "10...". 

The fifth condition is that the code digital sum CDS is -4, the beginning starts with a 00...', and the end part is termi- 
nated with consecutive "0 B s, namely with "...00". 
40 The sixth condition is that the code digital sum CDS is -4, as above, and the beginning starts with consecutive "0 w s, 

that is, with "00...", and the end part is terminated with consecutive "0"s, namely with "...00". 

The above first to sixth conditions are met in a table column 4 of Table 4. For example, the modulated code satisfying 
the first condition corresponds to that for modulated input NRZ code data 30 to 33. The modulated code satisfying the 
second condition corresponds to that for modulated input NRZ code data 241 to 248. The modulated code satisfying 
45 the third condition corresponds to that for modulated input NRZ code data 34 to 40 and 191. The modulated code 
satisfying the fourth condition corresponds to that for modulated input NRZ code data 101 to 1 05. The modulated code 
satisfying the fifth condition corresponds to that for modulated input NRZ code data 185 to 190. The modulated code 
satisfying the sixth condition corresponds to that for modulated input NRZ code data 90 to 100. 

It is similarly seen that, with the sum of levels or digital sum value DS V=-2, the absolute value of the sum of digital 
50 levels from the leading bit to an arbitrary kth bit of the 16-bit data or CDS(k) is given by -1 <CDS(k)<5. Table 5 shows a 
modulated code block within the above range of the CDS(k) in which additionally the coupling with the adjoining code 
blocks is taken into account. 

The modulation codes for the input NRZ data 0 to 255 for DSV=±2, are shown in Table 1. 

The modulated codes for DSV=±2 satisfy the above first to sixth conditions. 
55 The bit data shown in table column 4 in Table 4 are complemented from the corresponding 16-bit data of the mod- 

ulation code corresponding to the modulated NRZ code data, shown in table column 5 of Table 5, similarly to the data 
of the table column 0 of Table 2 which are complemented from the data shown in table column 1 of Table 3. 

With the present 8-16 conversion, since a plurality of conversion codes correspond to only one input data, and it is 
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necessary to select quickly the dc-f ree conversion code corresponding to the input data, tables for the modulation codes 
which will satisfy the above conditions are prepared in advance. These tables are written in, for example, a read-only 
memory (ROM) from which corresponding data are read out for digitally modulation the input NRZ data. Six such tables 
which will satisfy the above mentioned 8-16 conversion rule, and the rule concerning the coupling between adjacent 
5 code blocks are employed in the present embodiment. In the following, the formulation of these tables is explained. 

For DSV = 0, modulation codes for association with NRZ data to be modulated are first prepared, using tables 
columns 0 and 2. 

With table column 0, table column data are divided into two, depending on whether the beginning part of the mod- 
ulation code is started with "00... or with "01. 
10 For DSV = 0 as above, with table column 2, table column data are divided into two, depending on whether the 

beginning of the modulation code starts with "00..." or with "11 

With tables columns 1 and 3, the total of 16 bits are complemented from the bits of the table columns 0 and 2, 
respectively. 

With table column 1, table column data are divided into two depending on whether the beginning part of the con- 
's version starts with "11..." or with n 10... n . 

With table column 3, table column data are divided into two depending on whether the beginning of the conversion 
starts with "11 or with "01... V 

In this manner, with DSV=0, four tables columns are formulated depending on the above-mentioned different sets 
of data. 

20 These tables columns may be associated with the original NRZ data in any desired manner. 

As for the table columns for DSV=±2, table column data are similarly divided into two depending on whether the 
starting portion of the modulation code is "00... ■ or "10.. .°, whilst the 16 bits are complemented to produce table column 
data composed of modulated codes beginning with "11. ..'and "01...°. Two table columns, namely table columns 4 and 
5, are prepared from the combination of the formulated data. These table for DSV=±2 similarly may be associated with 
25 the original NRZ data in any desired manner. 

In this manner, six table columns may be prepared for use in digital modulation. 
The conditions for selection among these six table columns will be explained below. 

In these conditions for selecting the table columns, the conditions for coupling the modulation codes are of critical 
importance because the conditions that need to be satisfied are that the number of consecutive numbers "0" or "1 " in 
30 any portion of consecutively transmitted or recorded data be two or more and five or less, the dc components are 
eliminated, and the absolute value of the digital sum value DSV is three or less. 

In selecting the table columns so as to satisfy the above conditions, table columns 0 to 5 are selected by the last 
two bits of a block preceding the current block depending on the value of the DSV up to the current block equal to 0 or ±2. 

Table column 0 is selected when DSV=0 and the end part of the preceding block is T and '0', that is "...10". 
55 Table column 1 is selected when DSV=0 and the end part of the preceding block is "O" and "1 that is "...01 B . 

Table column 2 is selected when DSV=0 and the end part of the preceding block is B 1 n and "1 n , that is "...11 p . 

Table column 3 is selected when DSV=0 and the end part of the preceding block is "0" and B 0 n , that is "...00". 

Table column 4 is selected when DSV=^fc2 and the end part of the preceding block is "1 M and "1 \ that is "...11". 

Table 5 is selected when DSV=t2 and the end part of the preceding block is B 0 M and "0" that is M ...00 n 
to Although a digital modulation system with six tables has been shown in the foregoing, only two tables may suffice 

for conversion by using a table indicating complemented data of the preceding bit of the code word. 

This 8-1 6 conversion system is operated in according with the status transition shown in Figure 1. 

The symbols used in Figure 1 will first be explained. 

The code digital level sum CDS, the sum of waveform levels CDS(k) from the leading bit to an arbitrary bit within 
45 the modulation code and the sum of waveform levels DSV, are given by equations 1 , 2 and 3 above. 

Referring to Figure 1, the item or status symbol JT, indicating if the re occurs a status transition in the 8-1 6 conversion, 
may assume one or two status values, so that the symbols JT indicating the status transition may be represented by 
1 -bit binary data. Also, in actual circuit operation, the symbol JT indicating the status transition selects one of the states 
S 0 and S-, which will be explained subsequently. More specifically, the symbol JT is used for selecting one of the tables 
50 for DSV=0 or =±2, in each of which the data to be used for modulation by 8-16 conversion are stored. 

Referring to Figure 1, the digital sum value DSV=0 indicates the state S 0 , whilst the digital sum value DSV=± indi- 
cates the state S v For example, a state in which the digital sum value DSV(n-1) in the 16-bit (n-1)th modulation code 
block in the first term of the right side of equation 3 is equal to zero, is indicated. With this state S 0 , the digital sum value 
DSV(n) in the nth 1 6-bit modulation code block is zero. The symbol JT indicating if status transition occurs is zero (JT=0), 
55 so that, under these conditions, status transition is not produced, so that control reverts to state S 0 (loop 1). 

Similarly, with the state S 0 in which the digital sum value DSV(n-1) within the (n-1 )th modulated code block is zero, 
if the code digital level sum CDS(n) within the next nth 16-bit modulated code is ±2, that is, DSV(n)=±2, the symbol 
indicating whether or not status transition occurs is one (JT=1). Under these conditions, transition occurs from state S 0 
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to state S v At this time, the digital sum value DSV(n) of the nth 16-bit modulation code block is ±2, that is, DSV(n)=±2. 

The next succeeding 8-16 conversion is effected at the state S which has been changed from the state S 0 . The 
operation under this status S 1 will now be explained. The digital sum value DSV(n) in the nth 16-bit modulation code at 
the first term on the right side of equation 3 is ±2, that is, DSV(n)=±2. If, under this state , the code digital level sum 
5 CDS(n+1) in the next (n+1)th modulation code block is zero, the digital sum value becomes equal to ±2, that is, DSV 
(n+1)=±2. The symbol JT indicating whether or not status transition occurs is one (JT=1), so that no status transition 
occurs and control reverts to state S 1 (loop 2). 

On the other hand, if the digital sum value DSV(n) within the nth 16-brt modulation code block is equal to +2 and, 
in this state , the code digital level sum CDS (n+1 ) within the next (n+1 )th modulation code block is equal to -4, or if 
10 the digital sum value DSV(n) is equal to -2 and the code digital sum value CDS(n+1) within the next (n+1)th 16-bit 
modulated code block is equal to =4, the digital sum value DSV(n+1 ) is equal to -2 or to +2. The symbol JT indicating 
if status transition occurs is 1 (loop 3). 

If, with the digital sum value DSV(n+1) within the (n+1)th modulation code block is equal to ±2, the code digital level 
sum COS(n+2) within the next (n+2)th 1 6-bit modulation code block is equal to -2 or +2, the digital sum value DSV(n+2) 
is within the (n+2)th modulation code block becomes 0. Therefore, the symbol indicating status transition becomes 0 
(JT=0), so that transition occurs from state S 1 to state S 0 . 

The status transition diagram of Figure 1 shows that if, with the digital sum value DSV=0, the code digital level sum 
within the next 16-bit modulation code block is equal to ±2, or if, with the digital sum value DSV =±2, the code digital 
level sum CDS within the next 16-bit modulation code block is equal to -2 or +2, status transition occurs. 
20 Although there are two table columns in association with the above-mentioned states S 0 and Sj, there are 56 

common modulation codes, so that there are 456 different codes in the 8-16 digital modulation system. Since three 
codes are used for synchronization, the number of codes for the present digital modulation system is ultimately 459. 

Since status transition is highly simplified with the digital modulation system with 8-16 conversion, there is no need 
to calculate the digital sum value during digital modulation, and hence the hardware may be reduced by approximately 
25 30% as compared to the case of the 8-1 4 modulation system (EFM). 

With 8-16 conversion, it is necessary to reallocate the serial data into 16-bit parallel data at the time of decoding. 
Thus the present digital conversion system includes a self-locking pattern for indicating a code boundary for reallocation 
into 16-bit parallel data. 

This self -locking pattern is checked by checking ten pattern bits of two consecutive blocks, namely four pattern bits 
30 of a preceding block and six pattern bits of a succeeding block. That is, the self-locking patterns having the duration of 
the same level is 2.5T each if, with the four pattern bits of the preceding block all w 1 " or "0°, the first one of the six pattern 
bits of the next block assumes the same value "1 ■ as the four pattern bits and the succeeding five bits are "O" or, con- 
versely, if the first one of the six pattern bits and the succeeding five bits are "1 n . 

In this code system, since the 2.5T-2.5T pattern occurs only at the time of coupling neighbouring code blocks, this 
35 pattern may be detected and utilized for self-locking. 

Since the probability of occurrence of the self-locking pattern in the code word in the 8-1 6 modulation system is low, 
the self-locking pattern is included in the sync pattern and preamble pattern. However, since detection of synchronization 
becomes impossible if the self-locking is disengaged, it is necessary to diminish the probability of spurious locking to 
as low a value as possible. 

40 it may therefore be envisaged to use 2.5T-3T and 3T-3T patterns as self-locking patterns, in which case the distance 

between the code blocks and between the code block and synchronization patterns may be extended by using patterns 
not included in the code system by 8-16 conversion, for thereby lowering the probability of spurious locking. 

Since block codes are used in the present 8-16 digital modulation system, synchronization signals and errors may 
be detected easily. 

45 On the other hand, with the present 8-16 digital modulation system, there may be an occasion wherein, due to the 

larger distance between the codes, there is only one code among the errors that has the closest Hamming distance. 
Therefore, since the error is most likely to have occurred at the code having the closest Hamming distance, it may be 
replaced by an error code and deemed to be an error code word so as to be decoded by so-called Hamming correction. 
Referring to Figure 2, the circuit construction of an encoder will now be explained. 

50 This encoder has a read-only memory (ROM) 14, to which synchronization signals and input data as code data to 

be modulated are entered by means of input terminals 10 and 11 , respectively. These input data are NRZ data divided 
at an interval of 8 bits. 

Clock signals for operating the decoder are supplied from an input terminal 12 to a parallel-to-serial converter 15 
and to a clock terminal of a J-K flip-flop 1 6. The converter 1 5 outputs input parallel bits as serial bits. These clock signals 
55 are outputted as recording clock signals at an output terminal 1 8. 

Clock signals having a frequency equal to 1/16 of the basic clock frequency are supplied via an input terminal 12 
to the ROM 14. 

A table select signal for selecting one of the six tables is outputted from and entered to the ROM 14. The conditions 
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under which the table is selected include the digital sum value DSV and data assumed by the first two bits of the preceding 
code block, as discussed above. 

The input 8-bit NRZdata to be modulated are converted from 8-bit to 16-bit modulation code data in accordance 
with the NRZ data having the selected table number of the ROM 14 in accordance with the above-mentioned table 
5 selection. The outputs from the ROM 14 are 1 6-bit parallel data. 

The converter 15, outputting parallel input bits as serial bits, is supplied with output signals from the ROM 14 and 
converts these signals into serial 1 -bit output signals by clocks supplied from the input terminal 1 3. These output signals 
are supplied to a J-terminal and a K-terminal of the flip-flop 16. The flip-flop 16 supplies output signals while the state 
of the signals is maintained or complemented depending on the state of signals supplied to the J and K terminals at the 
10 rise time of clock signals supplied to the clock terminal of the flip-flop 16 via the input terminal 1 3. 

The output signals are outputted via the output terminal 17 as recorded data. 

Referring to Figure 3, a decoder operating in accordance with the present 8-16 conversion system will be explained. 
Playback data supplied via an input terminal 20, and playback clocks supplied via an input terminal 21 are supplied 
to a serial-to-parallel converter 22. The input playback data, supplied as serial data on a bit-by-bit basis, are converted 
is into parallel data of a plurality of, for example, 16 bits, at the timing of the input playback clocks. The output of the 
serial-to-parallel converter 22 is transmitted to a so-called barrel shifter (barrel rotation circuit) 25 and a window detector 
24. The input signal to, the window detector 24 is the 12-bit signal from the 16-bit signal from the converter 22. 

The playback clocks supplied via the input terminal 21 are supplied to a frequency divided 23. The clock signals 
frequency divided by sixteen by the frequency divider 23 are supplied to the window detector 24, the barrel shifter 25 
20 and to a ROM 26. 

The window detector 24 has the function of detecting a pattern indicating the boundary between the code blocks 
produced upon 8-16 conversion. For effecting this detection, the window detector 24 converts the phase difference 
between the pattern indicating the detected boundary and the clock divided in frequency by sixteen at the frequency 
divider 23, in terms of a deviation from the edge, into 4-bit digital signals, which are then supplied to the barrel shifter 25. 
25 The barrel shifter 25 phase-shifts the 1 6-bit output signals from the converter 22 in accordance with the 4-bit digital 

code data supplied from the window detector 24. The phase-adjusted 16-bit signals are supplied to the ROM 26. 

The ROM 30 is operated by playback clock signals divided in frequency by sixteen from frequency divider 23 to 
output 8-bit output data corresponding to the supplied 16-bit signals at an output terminal 27. 

The ROM 30 also outputs synchronization detection bits and error detection bits at output terminals 28 and 29, 
30 respectively. 

With the above arrangement, decoding may be effected in accordance with the present 8-1 6 conversion system. 

Figure 4 shows the results of analyses by a spectrum analyzer of frequency characteristics of the present 8-16 
conversion system and the M 2 code. 

As shown in Figure 4, the level of the spectrum shown by the frequency characteristics of the present 8-1 6 conversion 
3S system is smaller than the level of the spectrum shown by the frequency characteristics of the M 2 code, with a frequency 
of about 5MHz as a boundary. Thus it is shown that low frequency components may be suppressed by diminishing the 
maximum length between transitions T MAX . 

Table 6 shows parameters characteristic of various conversion systems. 



TABLE 6 



so 







Novel 8 to 16 Conversion 


M 2 Code 


8 to 14 Conversion 


Minimum Length Between Transitions 


T MIN 


LOT 


LOT 


1.14T 


Maximum Length Between Transitions 


T MAX 


2.5T 


3.0T 


4.0T 


Window Margin 


T w 


0.5T 


0.5T 


0.56T 


Level Sum Value 


IDSVI 


^3.0 


^3.0 


^11.0 


Level Sum Value 


ICDSI 


^4.0 




^6.0 


Number of Coded Data 




91B/2 18 




667/2 14 



It is seen from Table 6 that, with the present 8-1 6 conversion system, the minimum length between transitions T MIN , 
the window margin T w and the DSV are maintained at the same level as those of the M 2 code, while the maximum length 
between transitions T MAX may be less than that with the M 2 code. The result is that the low frequency components may 
be suppressed more extensively than in the case of modulation by the M 2 code. 

With the present 8-16 conversion system, because of the smaller content of the low frequency components than in 
the M 2 code, it is possible to diminish cross-talk between adjacent tracks during recording to improve the S/N ratio of 
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the eye pattern. 

On the other hand, even if the shortest wavelength employed for recording is about the same as that in the M 2 code, 
the maximum length between transitions may be as small as 2.5T to facilitate clock locking by the PLL system on the 
reproducing side. 

With the present 8-16 conversion system, the rate of erasure during overwriting may be improved by improved 
spectral concentration. In addition, the hardware required may be reduced by arraying the modulation code carrying 
tables suitably in the ROM. 

From the foregoing it is seen that embodiments of the present invention provide digital modulation systems in which 
a string of input data is divided at an interval of 8 bits and the resulting 8-bit data are converted into 16-bit digital mod- 
ulation code data, wherein the 16-bit digital modulation code data satisfy the conditions that the number of consecutive 
B 0"s or "1 "s is two or more between the 2nd bit and the 1 5th bit, the number of consecutive B 0"s or "1 "s between the 1 st 
bit and the 16th bit is five or less, the number of consecutive "O/s or "1 D s between the 13th bit and the 16th bit is four or 
less, the absolute value of the sum of the 1 6 bits of the modulation code, used for calculating a digital sum value (DSV) 
in which °1 ■ and "0° of the bits in the modulation code are set to °+1 " and "-1 " and summed together, is four or less; and 
the absolute value of the sum from the leading bit to an arbitrarily selected kth bit in the modulation code, or CDS(k), is 
five or less, and wherein the number of consecutive w 0 n s or "1 "s in any part of digital data produced upon consecutively 
transmitting or recording 1 6-bit digital modulation code data satisfying the above conditions is not less than two and not 
more than five, the 16-bit digital modulation code data is substantially dc-free and the absolute value of the DSV is not 
more than three. With the present modulation system, an error rate more favourable than that with the known M 2 code 
may be achieved for realizing short wavelength recording for narrower tracks for high density recording on, for example, 
a digital tape recorder. The erasure rate during overwriting may be improved because the data is divided at an interval 
of 8 bits, and the resulting 8-bit data are converted into 16-bit digital modulation code data, wherein the 16-bit digital 
modulation code data satisfy the conditions that the number of consecutive "0"s or p 1 "s is two or mote between the 2nd 
bit and the 15th bit, the number of consecutive "0"s or D 1 "s between the 1 st bit and the 16th bit is five or less, the number 
of consecutive "O's or a Vs between the 1 3th bit and the 1 6th bit is four or less, the absolute value of the sum of the 16 
bits of the modulation code, used for calculating a digital sum value (DSV) in which "1" and "O" of the bits in the modulation 
code are set to "+1 " and M -r and summed together, is four or less; and the absolute value of the sum from the leading 
bit to an arbitrarily selected kth bit in the modulation code, or the CDS(k), is five or less, and wherein the number of 
consecutive "Cs or Ts in any part of digital data produced upon consecutively transmitting or recording 16-bit digital 
modulation code data satisfying the above conditions is not less than two and not more than five, the 16-bit digital 
modulation code data is substantially dc-free and the absolute value of the DSV is not more than three. With the present 
modulation system, an error rate more favourable than that with the M 2 code may be achieved for realizing a short 
wavelength recording for narrower tracks for high density recording on, for example, a digital tape recorder. The erasure 
rate during overwriting may be improved because of the higher degree of spectral concentration. 

The quantity of hardware may also be reduced by selection of the arraying of modulation code tables within the ROM. 



Claims 

1 . A digital modulation method for converting 8-bit data of a binary system, wherein each bit indicates one of two binary 
values "1 " or B 0 a , into binary 16-bit data of the same binary system, said modulation method comprising: 

a first step of sequentially separating 8-bit data from an input data string; 

a second step of forming a number of different 16-bit data of from 1st to 16th bits, satisfying the following 
conditions (1) to (6), for each of said 8-bit data; 

(1 ) the number of consecutive tt 0"s or "1 "s from the 2nd to the 1 5th bits is two or more; 

(2) the number of consecutive B 0"s or "1 "s from the 1st to the 16th bits is five or less; 

(3) the number of consecutive °0"s or "1 "s from the 13th to the 16th bits is four or more; 

(4) the absolute value of the code word digital sum CDS, obtained upon summing scores "+1 " and "-1 " for 
said binary values of n 1 0 and "0°, respectively, for the 1st to 16th bits, is four or less; 

(5) the absolute value of the code word digital sum CDS(k), obtained upon summing scores °+1 " and "-1 B 
for said binary values of M 1 n and "0", respectively, for the 1st to kth bits, where 1<k<16, is five or less; and 

(6) when the 1 6-bit data are converted into serial data which are then coupled together and outputted, the 
number of consecutive "O's and "1 "s in any part of the outputted serial data is not less than two and not 
more than five, and the value of DSV, obtained as the sum of scores "+1 ■ and n -1 °, for said binary values 
of °V and "0", respectively, is not more than three; and 
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a third step of converting the 16-bit data from the second step into serial data and coupling the serial 16-bit 
data for outputting as coupled modulated digital data 

A method according to claim 1 wherein said second step comprises a sub-step of selecting one of first, second, 
third, fourth, fifth and sixth tables each containing data: 

said data being so defined that if, among 1 6-bit data satisfying the above conditions (1 ) to (5), data satisfying logical 
formulae (i) AND ((ii) OR (iii) OR (iv)) below are of a data group A, and, among 16-bit data satisfying the above 
conditions (1 ) to (6), data satisfying a logical formula (v) OR (vi) OR (vii) OR (viii) OR (ix) OR (x) below are of a data 
group B; 

(i) the number of consecutive "0 M s or Ts from the first bit is not more than four and the absolute value of CDS 
(k) is not more than three; 

(ii) CDS=0; 

(iii) CDS=-2 and the 1st, 15th and 16th bits are all n 0 n ; 

(iv) CDS=+2 and the 1st bit is "O" and the 15th and 16th bits are B 0 M ; 

(v) CDS=0, CDS(k) is not less than -5, the 1st and 2nd bits are "O" while the 15th and 16th bits are "1 n ; 

(vi) CDS=0, CDS(k) is not less than -5 and not more than 1 , the 1st bit is "1", the 2nd bit is "1° while the 15th 
and 16th bits are "1"; 

(vii) CDS=-2, CDS(k) is not less than -5 and not more than 1, and the 1st and 2nd bits are M 0 M ; 

(viii) CDS--2, CDS(k) is not less than -5 and not more than 1 , and the 1st bit is "1 " and 2nd bit is "0°; 

(ix) CDS=-4, CDS(k) is not less than -5 and not more than 1 , and the 1 st, 2nd, 1 5th and 1 6th bits are "0"; 

(x) CDS=-4, CDS(k) is not less than -5 and not more than 1 , and the 1st and 2nd bits are "O" while the 15th and 
16th bits are n 0 n ; 

data stored in said first to sixth tables are defined so that: 

data stored in said first table are those among the data of the group A in which the 1st and 2nd data are both 
"0", the 1 5th bit is p 0" and the 1 6th bit is "1 and data appended to these data for indicating the states of these 
data; 

data stored in said second table are complemented data of the data stored in said first table; 

data stored in said third table are those among the data of the group A in which the 1st and 2nd data are both 

B 0 P , the 1 5th bit is n 1 " and the 1 6th bit is "0", and data appended to these data for indicating the states of these 

data; 

data stored in said fourth table are complemented data of the data stored in said third table; 
data stored in said fifth table are those among the data of the group A in which the 1st and 2nd data are both 
"0", the 1 5th bit is "1 " and the 1 6th bit is "0", and data appended to these data for indicating the states of these 
data; and 

data stored in said sixth table are complemented data of the data stored in said fifth table; 
in said selecting sub-step, one of the first to sixth tables is selected, on the basis of data indicating the 15th and 
1 6th bits and the data indicating the states of the data in said first to sixth tables, and the 1 8-bit data which will 
satisfy the conditions (1 ) to (5) in association with the 8-bit data are selected in the table selected in said selecting 
sub-step, in such a manner as to form data satisfying said condition (6). 

A method according to claim 2 wherein data indicating the states of the data indicate the value of the DS V of the data. 

Apparatus for digital modulation for converting 8-bit data of a binary system, wherein each bit indicates one of two 
binary values of "1" or "0", into binary 16-bit data of the same binary system, the apparatus comprising: 

first means for sequentially separating 8-bit data from an input data string; 

second means for forming a number of different 16-bit data of from 1st to 16th bits, satisfying the following 
conditions (1) to (6), for each of said 8-bit data: 

(1 ) the number of consecutive n 0 B s or "1 °s from the 2nd to the 15th bits is two or more; 

(2) the number of consecutive "O^s or "1 "s from the 1st to the 16th bits is five or less; 

(3) the number of consecutive "O's or "1 "s from the 13th to the 16th bits is four or more; 

(4) the absolute value of the code word digital sum CDS, obtained upon summing scores n +1 " and "-1 ■ for 
said binary values of "1 " and "0", respectively, for the 1st to 16th bits, is four or less; 

(5) the absolute value of the code word digital sum CDS(k), obtained upon summing scores "+1 " and P -1 D 
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for said binary values of Vand "0", respectively, for the 1st to kth bits, where 1<k<16, is five or less; and 
(6) when the 1 6-bit data are converted into serial data which are then coupled together and outputted, the 
numbers of consecutive "0"s and "1 n s in any part of the outputted serial data is not less than two and not 
more than five, and the value of DSV, obtained as the sum of scores "+1 " and °-1 " ( for said binary values 
of "1 p and n 0", respectively, is not more than three; and 

third means for converting the 16-bit data from the second step into serial data and coupling the serial 
16-bit data for outputted as coupled modulated digital data. 

5. Apparatus according to claim 4 wherein said second means (1 4) comprises first, second, third, fourth, fifth and sixth 
tables, each containing data, and means for selecting one of these tables; said data being so defined that if, among 
16-bit data satisfying the above conditions (1 ) to (5), data satisfying logical formulae (1 ) AND ((ii) OR (iii) OR (iv)) 
below are of a data group A, and, among 16-bit data satisfying the above conditions (1) to (5), data satisfying a 
logical formula (v) OR (vi) OR (vii) OR (viii) OR (ix) OR (x) below are of a data group B, 

(i) the number of consecutive "0"s or "1 a s from the first bit is not more than four and the absolute value of CDS 
(k) is not more than three; 

(ii) CDS=0; 

(iii) CDS=-2 and the 1st, 15th and 16th bits are all "0 B ; 

(iv) CDS=+2 and the 1st bit is "0" and the 15th and 16th bits are "O"; 

(v) CDS=0, CDS(k) is not less than -5, the 1st and 2nd bits are "0" white the 15th and 16th bits are "1 

(vi) CDS-0, CDS(k) is not less than -5 and not more than 1 , the 1 st bit is "1 a , the 2nd bit is "1 ■ while the 1 5th 
and 16th bits are T; 

(vii) CDS=-2, CDS(k) is not less than -5 and not more than 1, and the 1st and 2nd bits are °0 n ; 

(viii) CDS=-2, CDS(k) is not less than -5 and not more than 1 , and the 1 st bit is "1 ' and 2nd bit is n 0 n ; 

(ix) CDS=-4, CDS(k) is not less than -5 and not more than 1 , and the 1st, 2nd, 15th and 16th bits are "0"; 

(x) CDS=-4, CDS(k) is not less than -5 and not more than 1 , and the 1 st and 2nd bits are "0" while the 15th and 
16th bits are n 0 n ; 

data stored in said first to sixth tales are defined so that: 

data stored in said first table are those among the data of the group A in which the 1st and 2nd data are both 
"0°, the 1 5th bit is D 0" and the 1 6th bit is B 1 n , and data appended to these data for indicating the states of these 
data; 

data stored in said second table are complemented data of the data stored in said first table; 

data stored in said third table are those among the data of the group A in which the 1st and 2nd data are both 

"0°, the 1 5th bit is "1 ■ and the 1 6th bit is "0", and data appended to these data for indicating the states of these 

data; 

data stored in said fourth table are complemented data of the data stored in said third table; 
data stored in said fifth table are those among the data of the group A in which the 1st and 2nd data are both 
"0", the 1 5th bit is "1 " and the 1 6th bit is "0", and data appended to these data for indicating the states of these 
data; and 

data stored in said sixth table are complemented data of the data stored in said fifth table; 
in said selecting sub-step, one of the first to sixth tables is selected, on the basis of data indicating the 15th and 
1 6th bits and the data indicating the states of the data in said first to sixth tables, and the 1 8-bit data which will 
satisfy the conditions (1 ) to (5) are selected in association with the 8-bit data in the table selected in said selecting 
sub-step, in such a manner as to form data satisfying said condition (6). 

6. Apparatus according to claim 5 wherein data indicating the states of said data indicate the value of DSV of said data. 



Patentanapruche 

1. Digitales Modulationsverfahren zur Umwandlung von 8-Bit-Daten eines Binarsystems, in dem jedes Bit einen von 
zwei Binarwerten V oder "O" bezeichnet, in binare 16-Bit-Daten desselben Binarsystems, 

wobei das Modulationsverfahren aufweist: 

einen ersten Verfahrensschritt zum sequentiellen Abtrennen von 8-Bit-Daten aus einem Eingangsdatenstrom 
einen zweiten Verfahrensschritt zum Bilden einer Anzahl von unterschiedlichen, diefolgenden Bedingungen 
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(1) bis (6) erfullenden 16-Bit-Daten mit einem 1. bis 16. Bit fur jede der genannten 8-Bit-Daten: 

(1 ) die Anzahl von aufeinanderfolgenden Werten "O" Oder "1 " vom 2. bis zum 1 5. Bit betragt zwei Oder mehr, 

(2) die Anzahl von aufeinanderfolgenden Werten "0" oder "1" vom 1. bis zum 16. Bit betragt funf oder 
weniger, 

(3) die Anzahl von aufeinanderfolgenden Werten p 0 n oder u 1 " vom 1 3. bis zum 1 6. Bit betragt vier oder mehr, 

(4) der Absotutwert der digitalen Kodewortsumme CDS, die gewonnen wird beim Summieren von Zahlen- 
werten n +1 0 und '-1 "fur die genannten Binarwerte "1 " bzw. "0" fur das 1 . bis 16. Bit, betragt vier oder weniger, 

(5) der Absolutwert der digitalen Kodewortsumme CDS(k), die gewonnen wird beim Summieren von Zah- 
lenwerten n +1 " und n -1 " fur die genannten Binarwerte a 1 n bzw. "O" fur das 1 . bis k-te Bit, mit 1<k^16, betragt 
fQnf oder weniger, 

(6) wenn die 16-Bit-Daten in serielle Daten umgewandelt sind, die dann miteinander verbunden und aus- 
gegeben werden, ist die Anzahl aufeinanderfolgender Werte T und "0* in irgendeinem Teil der ausgege- 
benen seriellen Daten nicht kleiner als zwei und nicht groBer als funf, und der als Summe von Zahlenwerten 
■+1 " und n -1 " fur die genannten Binarwerte M 1 n bzw. "0" gewonnene Wert DSV ist nicht grofier als drei, 

und einen dritten Verfahrensschritt zum Umwandeln der 16-Bit-Daten aus dem zweiten Verfahrensschritt in 
serielle Daten und zum Verbinden der seriellen 1 6-Bit-Daten f Or ihre Ausgabe als verbundene modutierte digitale 
Daten. 

Verfahren nach Anspruch 1 , 

bei dem der zweite Verfahrensschritt einen Unterschritt umfaBt, in dem eine Tabelle ausgewahlt wird aus einer 
ersten, einer zweiten, einer dritten, einer vierten, einer funften 
und einer sechsten Tabelle, die jewetls Daten enthalten, 

wobei die Daten so definiert sind, daft von den 16-Bit-Daten, die die obigen Bedingungen (1) bis (5) erfOllen, 
diejenigen Daten, die die unten angebenen logischen Gleichungen (i) UND [(ii) ODER (iii) ODER (iv)] befriedi- 
gen, einer Datengruppe A angehoren, und von den 16-Bit-Daten, die die obigen Bedingungen (1 ) bis (6) erfullen, 
diejenigen Daten, die die unten angebene logische Gleichung (v) ODER (vi) ODER (vii) ODER (viii) ODER (ix) 
ODER (x) befriedigen, einer Datengruppe B angehoren: 

(i) die Anzahl von aufeinanderfolgenden Werten n 0 n oder "1 " vom 1 . Bit an ist nicht groBer als vier und der 
Absolutwert von CDS(k) ist nicht groBer als drei, 

(ii) CDS = 0, 

(iii) CDS = -2 und das 1 ., 15. und 1 6. Bit sind alle n 0\ 

(iv) CDS = +2, das 1 . Bit ist "O" und das 15. und 16. Bit sind "0", 

(v) CDS = 0, CDS(k) ist nicht kleiner als -5 und das 1 . und das 2. Bit sind "0" , wahrend das 15. und das 
16. Bit T sind, 

(vi) CDS = 0, CDS(k) ist nicht kleiner als -5 und nicht groBer als 1 , das 1 . Bit ist "1 d , das 2. Bit ist '1 a , wahrend 
das 15. und das 16. Bit "1" sind, 

(vii) CDS = -2, CDS(k) ist nicht kleiner als -5 und nicht groBer als 1 und das 1 . und das 2. Bit sind "0", 

(viii) CDS = -2, CDS(k) ist nicht kleiner als -5 und nicht groBer als 1 , das 1 . Bit ist "1 n und das 2. Bit ist "0" , 

(ix) CDS = -4, CDS(k) ist nicht kleiner als -5 und nicht groBer als 1, das 1., 2., 15. und 16 Bit sind "O", 

(x) CDS = -4, CDS(k) ist nicht kleiner als -5 und nicht groBer als 1 und das 1. und das 2. Bit sind a 0 B , 
wahrend das 15. und das 16. Bit °1 B sind, 

wobei die in der ersten bis sechsten Tabelle gespeicherten Daten folgendermaBen definiert sind: 

die in der ersten Tabelle gespeicherten Daten sind diejenigen Daten aus der Datengruppe A, in denen das 1. 
und 2. Bit beide n 0 a sind, das 15. Bit "O" ist und das 16. Bit T ist, sowie diesen Daten angehangte Daten zur 
Kennzeichnung der Zustande dieser Daten, 

die in der zweiten Tabelle gespeicherten Daten sind Daten, die zu den in der ersten Tabelle gespeicherten 
Daten komplementar sind, 

die in der dritten Tabelle gespeicherten Daten sind diejenigen Daten aus der Datengruppe A, in denen das 1 . 
und 2. Bit beide °0" sind, das 15. Bit "1 " ist und das 16. Bit "O" ist, sowie diesen Daten angehangte Daten zur 
Kennzeichnung der Zustande dieser Daten, 

die in der vierten Tabelle gespeicherten Daten sind Daten, die zu den in der dritten Tabelle gespeicherten Daten 
komplementar sind, 

die in der funften Tabelle gespeicherten Daten sind diejenigen Daten aus der Datengruppe A, in denen das 1. 
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und 2. Bit beide "0" sind, das 15. Bit "1 n ist und das 16. Bit "0" ist, sowie diesen Daten angehangte Daten zur 
Kennzeichnung der Zustande dieser Daten, 

die in der sechsten Tabelle gespeicherten Daten sind Daten, die zu den in der f unften Tabetle gespeicherten 
Daten komplementar sind, 

wobei in dem Auswahl-Unterschritt eine Tabelle aus der ersten bis sechsten Tabelle auf der Basis der 
Daten ausgewahlt wird, die das 15. und 16. Bit kennzeichnen, sowie auf der Basis der Daten, die die Zustande 
der Daten in der ersten bis sechsten Tabelle kennzeichnen, und wobei die 1 8-Bit-Daten, die die Bedingungen 
(1) bis (5) erfullen, in Verbindung mit den 8-Bit-Daten in der in dem Auswahl-Unterschritt ausgewahlten Tabelle 
so ausgewahlt werden, daG Daten gebildet werden, die die Bedingung (6) erfullen. 

Verfahren nach Anspruch 2, bei dem Daten, die die Zustande der Daten anzeigen, den DSV-Wert der Daten anzei- 
gen. 

Gerat zur digitalen Modulation fur die zur Umwandlung von 8-Bit-Daten eines Binarsystems, in dem jedes Bit einen 
von zwei Binarwerten "I" oder "O" bezeichnet, in binare 16-Bit-Daten desselben Binarsystems, wobei das Gerat 
aufweist: 

erste Mittel zum sequentiellen Abtrennen von 8-Bit-Daten aus einem Eingangsdatenstrom, 

zweite Mittel zum Bilden einer Anzahl von unterschiedlichen, die folgenden Bedingungen (1 ) bis (6) erf Ollenden 

1 6-Bit-Daten mit einem 1 . bis 1 6. Bit fur jede der genannten 8-Bit-Daten: 

(1 ) die Anzahl von aufeinanderfolgenden Werten n 0 n oder "1 " vom 2. bis zum 1 5. Bit betragt zwei oder mehr, 

(2) die Anzahl von aufeinanderfolgenden Werten "O" oder M 1" vom 1. bis zum 16. Bit betragt funf oder 
weniger, 

(3) die Anzahl von aufeinanderfolgenden Werten "0" oder " 1 " vom 1 3. bis zum 1 6. Bit betragt vier oder mehr, 

(4) der Absoiutwert der digitalen Kodewortsumme CDS, die gewonnen wird beim Summieren von Zahlen- 
werten "+1 " und '-r fur die genannten Binarwerte "1 " bzw. "O" fur das 1 . bis 16. Bit, betragt vier oder weniger, 

(5) der Absoiutwert der digitalen Kodewortsumme CDS(k), die gewonnen wird beim Summieren von Zah- 
lenwerten °+1 n und °-1 0 fur die genannten Binarwerte "1 D bzw. n 0 n fur das 1 . bis k-te Bit, mit 1 <k<1 6, betragt 
funf oder weniger, 

(6) wenn die 16-Bit-Daten in serielle Daten umgewandelt sind, die dann miteinander verbunden und aus- 
gegeben werden, ist die Anzahl aufeinanderfolgender Werte "1° und "0" in irgendeinem Teil der ausgege- 
benen seriellen Daten nicht kleinerals zwei und nicht groBer als funf, undderalsSummevon Zahlen werten 
*+1 " und "-1 n fur die genannten Binarwerte "1 " bzw. "O" gewonnene Wert DSV ist nicht groBer als drei, 

und dritte Mittel zum Umwandeln der 16-Bit-Daten aus dem zweiten Verfahrensschritt in serielle Daten und 
zum Verbinden der seriellen 16-Bit-Daten fur ihre Ausgabe als verbundene modulierte digitale Daten. 

Gerat nach Anspruch 4, 

bei dem die zweiten Mittel eine erste, eine zweite, eine dritte, eine vierte, eine fOnfte und eine sechste Tabelle 
umfassen, die jeweils Daten enthalten, sowie Mittel zum Auswahlen einer dieser Tabelien, 
wobei diese Daten so definiert sind, daB fur den Fall, daG von den 16-Bit-Daten, die die obigen Bedingungen 
(1) bis (5) erfullen, diejenigen Daten, die die unten angebenen logischen Gleichungen (i) UND ((ii) ODER (iii) 
ODER (iv)] befriedigen, einer Datengruppe A angehoren, und von den 16-Bit-Daten, die die obigen Bedingun- 
gen (1) bis (6) erfullen, diejenigen Daten, die die unten angebene logische Gleichungen (v) ODER (vi) ODER 
(vii) ODER (viii) ODER (ix) ODER (x) befriedigen, einer Datengruppe B angehoren: 

(i) die Anzahl von aufeinanderfolgenden Werten "O" oder "1 " vom 1 . Bit an ist nicht groBer als vier und der 
Absoiutwert von CDS{k) ist nicht groBer als drei, 

(ii) CDS=0, 

(iii) CDS = -2 und das 1 ., 15. und 16. Bit sind alle "0° , 

(iv) CDS = +2, das 1. Bit ist "O" und das 15. und 16. Bit sind B 0 M , 

(v) CDS = 0, CDS(k) ist nicht kleiner als -5 und das 1 . und das 2. Bit sind "0", wahrend das 15. und das 
16. Bit "1" sind, 

(vi) CDS = 0, CDS(k) ist nicht kleiner als -5 und nicht groBer als 1 , das 1 . Bit ist "1 das 2. Bit ist "1 p , wahrend 
das 15. und das 16. Bit "1° sind, 

(vii) CDS = -2, CDS(k) ist nicht kleiner als -5 und nicht groBer als 1 und das 1. und das 2. Bit sind "0°, 
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(viii) CDS = -2, CDS(k) ist nicht kleiner als -5 und nicht groGer als 1, das 1 . Bit ist "1 " und das 2. Bit ist "0°, 

(ix) CDS = -4, CDS(k) ist nicht kleiner als -5 und nicht groBerals 1, das 1., 2., 15. und 16 Bit sind n 0 n , 

(x) CDS = -4, CDS(k) ist nicht kleiner als -5 und nicht groBer als 1 und das 1. und das 2. Bit sind "0", 
wan rend das 15. und das 16. Bit T sind, 

5 

wobei die in der ersten bis sechsten Tabelle gespeicherten Daten folgendermafBen definiert sind: 

die in der ersten Tabelle gespeicherten Daten sind die Daten aus der Datengruppe A, in denen das 1 . und 
2. Bit beide o 0 n sind, das 15. Bit "O" ist und das 16. Bit "1 1 ist, sowie diesen Daten angehangte Daten zur 
10 Kennzeichnung der Zustande dieser Daten, 

die in der zweiten Tabelle gespeicherten Daten sind Daten, die zu den in der ersten Tabelle gespeicherten 
Daten komplementar sind, 

die in der dritten Tabelle gespeicherten Daten sind diejenigen Daten aus der Datengruppe A, in denen das 
1 . und 2. Bit beide sind, das 15. Bit "1 n ist und das 16. Bit "O" ist, sowie diesen Daten angehangte Daten 
'5 zur Kennzeichnung der Zustande dieser Daten, 

die in der vierten Tabelle gespeicherten Daten sind Daten, die zu den in der dritten Tabelle gespeicherten 
Daten komplementar sind, 

die in der funften Tabelle gespeicherten Daten sind diejenigen Daten aus der Datengruppe A, in denen das 
1 . und 2. Bit beide "0° sind, das 1 5. Bit "1 " ist und das 1 6. Bit M 0" ist, sowie diesen Daten angehangte Daten 
20 zur Kennzeichnung der Zustande dieser Daten, 

die in der sechsten Tabelle gespeicherten Daten sind Daten, diezu den in der funften Tabelle gespeicherten 
Daten komplementar sind, 

wobei in dem Auswahl-Unterschritt eine Tabelle aus der ersten bis sechsten Tabelle auf der Basis der Daten 
25 ausgewahlt wird, die das 15. und 16. Bit kennzeichnen, sowie auf der Basis der Daten, die die Zustande der 

. Daten in der ersten bis sechsten Tabelle kennzeichnen, und wobei die 18-Bit-Daten, die die Bedingungen (1) 
bis (5) erfullen, in Verbindung mitden 8-Bit-Daten in der in dem Auswahl-Unterschritt ausgewahlten Tabelle so 
ausgewahlt werden, daB Daten gebildet werden, die die Bedingung (6) erfullen. 

30 6. Gerat nach Anspruch 5, bei dem Daten, die die Zustande der Daten anzeigen, den DSV-Wert der Daten anzeigen. 



Revendications 

1. Un procedede modulation numeriquepourconvertirdes donn§es a 8 bits d'un systeme binaire, dans lequel chaque 
bit indique Tune de deux valeurs binaires T ou "0", en donn§es binaires a 16 bits du meme systeme binaire, ce 
systeme de modulation comprenant : 

une premiere etape consistant a separer sequentiellement des donnees a 8 bits d'un train de donnees d'entr^e ; 
une seconde 6tape consistant a former un certain nombre de donnSes a 16 bits differentes, allant d'un 1-ier bit 
a un 16-ieme bit, satisfaisant les conditions (1) a (6) suivantes, pour chacune des donnSes a 8 bits : 

(1) le nombre de "0" ou de 'I" consecutifs depuis le 2-ienne bit jusqu'au 15-ieme bit est de deux ou plus ; 

(2) le nombre de n 0 n ou de B 1 n cons^cutifs depuis le 1 -ier bit jusqu'au 16-ieme bit est de cinq ou moins ; 

(3) le nombre de "0" ou de "1 n cons^cutifs depuis le 1 3-ieme bit jusqu'au 1 6-ieme bit est de quatre ou plus ; 

(4) la valeur absolue de la somme num£rique de mot de code, CDS, qui est obtenue en faisant la somme 
de scores de VI" et "-1" pour les valeurs binaires precitees de "1" et "0", respectivement, pour les bits 
allant du 1-ier bit au 16-ieme bit, est de quatre ou moins ; 

(5) la valeur absolue de la somme num6rique de mot de code CDS (k), obtenue en faisant la somme de 
scores °+1 " et "-1 ■ pour les valeurs binaires precitees de "1 " et "0°, respectivement, pour les bits allant du 
1-ier bit au k-ieme bit, avec 1<te16, est de cinq ou moins ; et 

(6) lorsque les donn6es a 1 6 bits sont converties en donnees s6rie qui sont ensuite couplees ensemble et 
emises, le nombre de "0" et de °1 " consicutifs dans une partie quelconque des donnees se>ie emises n'est 
pas infer ieur a deux et n'est pas superieur a cinq, et la valeur de DSV obtenue sous la forme de la somme 
de scores de VI " et "-1 M , pour les valeurs binaires precitees de "1 " et "0°, respectivement, n'est pas supe- 
rieureatrois ; et 

une troisieme etape consistant a convertir les donn6es a 1 6 bits qui proviennent de la seconde etape en donn6es 
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serie et k coupler les donnees k 1 6 bits serie pour les emettre sous la forme da donnees numeriques modulees 
couplees. 

Un procede selon la revendication 1 , dans lequel la seconde etape comprend une sous-6tape qui consiste k selec- 
tionner une table parmi des premiere, seconds, troisieme, quatrieme, cinquieme et sixieme tables, contenant cha- 
cune des donnees ; 

ces donnees etant definies de facon que si, parmi des donnees k 1 6 bits satisfaisant les conditions (1 ) a. (5) ci-dessus 
des donnees satisfaisant des formules logiques (I) ET ((II) OU (III) OU (IV)) ci-dessous appartiennent k un groupe 
de donnees A, et, parmi des donnees k 16 bits satisfaisant les conditions (1 )k (6) ci-dessus des donnees satisfaisant 
une formule logique (V) OU (VI) OU (VII) OU (VI II) OU (IX) OU (X) ci-dessous appartiennent k un groupe de donnees 
B; 

(I) le nombrede "0"ou de "1 M cons§cutifs & parti rdu premier bit n'est passupeiieur&quatre et lavaleurabsolue 
de CDS(k) n'est pas superieure k trois ; 

(II) CDS = 0; 

(III) CDS = - 2 et les 1-ier, 15-ieme et 16-ieme bits onttous la valeur °0 n ; 

(IV) CDS = + 2 et le 1-ier bit a la valeur w 0 n et les 15-ieme et 16-ieme bits ont la valeur "0" ; 

(V) CDS = 0, CDS(k) n'est pas infeneur k - 5, les 1-ier et 2-ieme bits ont la valeur "0°, tandis que les 15-ieme 
et 16-ieme bits ont la valeur "1 M ; 

(VI) CDS = 0, CDS(k) n'est pas infeneur k - 5 et n'est pas superieur k 1 , le 1 -ier bit a la valeur "1 ", le 2-ieme bit 
a la valeur "1°, tandis que les 15-ieme et 16-ieme bits onl la valeur "I 0 ; 

(VII) CDS = - 2, CDS(k) n'est pas inferieur k - 5 et n'est pas superieur k 1 , et les 1-ier et 2-ieme bits ont la valeur 
"0"; 

(VIII) CDS = - 2, CDS(k) n'est pas inferieur k - 5 et n'est pas superieur a 1 , et le 1 -ier bit a la valeur '1 ■ et le 
2-ieme bit a la valeur "0" ; 

(IX) CDS = - 4, CDS(k) n'est pas inferieur k - 5 et n'est pas superieur a 1 , et les 1 -ier, 2-ieme, 1 5-ieme et 1 6-ieme 
bits ont la valeur "0" ; 

(X) CDS = - 4, CDS(k) n'est pas inferieur k - 5 et n'est pas superieur k 1 , et les 1-ier et 2-ieme bits ont la valeur 
"0", tandis que les 15-ieme et 16-ieme bits ont la valeur n 0° ; 

les donnees enregistrees dans ies premiere k sixieme tables sont definies de facon que : 

les donnees enregistrees dans la premiere table sont celles parmi les donn§es du groupe A dans lesquelles 
les 1-iere et 2-ieme donnees ont toutes deux la valeur "0", le 15-ieme bit a la valeur "0" et le 16-ieme bit a la 
valeur "1 et des donnees annexees a ces donnees pour indiquer I'etat de ces donnees ; 
les donnees enregistrees dans la seconde table sont des donnees complementees par rapport aux donn6es 
enregistrees dans la premiere table ; 

les donnees enregistrees dans la troisieme table sont celles, parmi les donnees du groupe A, dans lesquelles 
les 1-iere et 2-ieme donnees ont toutes deux la valeur "0", le 15-ieme bit a la valeur "1 " et le 1 6-ieme bit a la 
valeur "0", el des donnees annexees k ces donnees pour indiquer les etats de ces donnees ; 
les donnees enregistrees dans la quatrieme table sont des donnees complementees par rapport aux donnees 
enregistrees dans la troisieme table ; 

les donnees enregistrees dans la cinquieme table sont celles, parmi les donnees du groupe A, dans lesquelles 
les 1-iere et 2-ieme donnees ont toutes deux la valeur , 0 M , le 15-ieme bit a la valeur °V et le 16-ieme bit a la 
valeur "0°, et des donnees annexees a ces donnees pour indiquer les etats de ces donnees ; et 
les donnees enregistrees dans la sixieme table sont des donnees complementees par rapport aux donnees 
enregistrees dans la cinquieme table ; 

dans la sous-etape de selection, Tune des premiere k sixieme tables est selectionnee, sur la base de donnees 
indiquant les 15-ieme et 16-ieme bits et des donnees indiquant les etats des donnees dans les premiere k 
sixieme tables, et les donnees a 18 bits qui satisfont les conditions (1) a (5), en association avec les donnees 
k 8 bits, sont selectionnees dans la table selectionn§e dans la sous-etape de selection, de maniere k former 
des donnees satisfaisant la condition (6). 

Un procecld selon la revendication 2, dans lequel des donnees indiquant les etats des donnees indiquent la valeur 
de DSV (valeur de somme num§rique) des donnees. 

Disposttif de modulation numerique destine k convert ir des donnees k 8 bits d'un systeme binaire, dans lequel 
chaque bit indique Tune de deux valeurs binaires de "1 " ou "0", en donnees binaires k 16 bits du meme systeme 
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binaire, le dispositif comprenant : 

des premiers moyens pour separer sequentiellement des donnees a 8 bits d'une chatne de donnees d'entree ; 
des seconds moyens pour former un certain nombre de donnees a 1 6 bits, diff erentes, allant d'un 1 -ier bit a un 
16-ieme bit, satisfaisant les conditions (1) a (6) suivantes, pourchacune des donnees a 8 bits : 

(1 ) le nombre de "0" ou de B 1 B consecutifs depuis le 2-ieme bit jusqu'au 1 5-ieme bit est de deux ou plus ; 

(2) le nombre de "O" ou de B 1 0 consecutifs depuis le 1 -ier bit jusqu'au 16-ieme bit est de cinq ou moins ; 

(3) le nombre de p 0 n ou de °1 0 cons^cutifs depuis le 1 3-ieme bit jusqu'au 1 6-ieme bit est de quatre ou plus ; 

(4) la valeur absolue de la somme numerique de mot de code, CDS, qui est obtenue en faisant la somme 
de scores de "+1" et M" pour les valeurs binaires precitees de "1° et "O", respectivement, pour les bits 
allant du 1 -ier bit au 1 6-ieme bit, est de quatre ou moins ; 

(5) la valeur absolue de la somme numerique de mot de code CDS (k), obtenue en faisant la somme de 
scores n +1 a et °-1 " pour les valeurs binaires pr6citees de "1 1 et "0°, respectivement, pour les bits allant du 
1 -ier bit au k-ieme bit, avec 1<k<16, est de cinq ou moins ; et 

(6) lorsque les donnees a 16 bits sont converties en donnees s£rie qui sont ensuite couplees ensemble et 
emises, le nombre de "O" et de "1 M consecutifs dans une partie quelconque des donnees serie emises n'est 
pas inferieur a deux et n'est pas superieur a cinq, et la valeur de DSV obtenue sous la forme de la somme 
de scores de "+1" et "-1 pour les valeurs binaires precitees de "1 0 et "0", respectivement, n'est pas supe- 
rieure a trois ; et 

des 1roisi6mes moyens pourconvertir les donn6es a 16 bits provenant des seconds moyens en donnees s6rie 
pourcoupler les donnees a 1 6 bits se>ie de fa$on a les 6mettre sous la forme de donnees num6riques modules 
couplees. 

Dispositif selon la revendication 4, dans lequel les seconds moyens (14) comprennent des premiere, seconde, 
troisieme, quatrieme, cinquieme et sixfeme tables, contenant chacune des donnees, et des moyens pour selection- 
ner I'une de ces tables ; 

ces donnees 6tant dSfinies de fagon que si, parmi des donnees a 16 bits satisfaisant les conditions (1 ) a (5) ci-des- 
sus, des donn6es satisfaisant des formules logiques (I) ET ((II) OU (III) OU (IV)) ci-dessous appartiennent a un 
groupe de donnees A, et, parmi des donnees a 16 bits satisfaisant les conditions (1 ) a (5) ci-dessus, des donnees 
satisfaisant une formule logique (V) OU (VI) OU (VII) OU (VIII) OU (IX) OU (X) ci-dessous appartiennent a un groupe 
de donnees B ; 

(I) le nombre de "O" ou de "1 n consecutifs a partirdu premier bit n'est pas superieur a quatre et la valeur absolue 
de CDS(k) n'est pas superieure a trois ; 

(II) CDS = 0; 

(III) CDS = - 2 et les 1 -ier, 15-ieme et 16-ieme bits onttous la valeur "O" ; 

(IV) CDS = + 2 et le 1 -ier bit a la valeur n 0 n et les 15-ieme et 16-ieme bits ont la valeur n 0' ; 

(V) CDS = 0, CDS(k) n'est pas inferieur a - 5, les 1-ier et 2-ieme bits ont la valeur "0°, tandis que les 15-ieme 
et 16-ieme bits ont la valeur "1 " ; 

(VI) CDS = 0, CDS(k) n'est pas inferieur a -5 et n'est pas superieur a 1, le 1-ier bit a la valeur "1", le 2-ieme bit 
a la valeur "1 w , tandis que les 15-i6me et 16-ieme bits ont la valeur 0 1 w ; 

(VII) CDS = - 2, CDS(k) n'est pas inf6rieur a - 5 et n'est pas sup6rieur a 1 , et les 1-ier et 2-ieme bits ont la valeur 

«QP. 

(VIII) CDS = - 2, CDS(k) n'est pas inferieur a - 5 et n'est pas superieur a 1, et le 1-ier bit a la valeur B 1" et le 
2-i6me bit a la valeur "0" ; 

(IX) CDS = - 4, CDS(k) n'est pas inferieur a - 5 et n'est pas superieur a 1 , et les 1 -ier, 2-ieme, 1 5-ieme et 1 6-ieme 
bits ont la valeur n 0° ; 

(X) CDS = - 4, CDS(k) n'est pas inferieur a - 5 et n'est pas superieur a 1 , et les 1 -ier et 2-ieme bits ont la valeur 
n 0 D , tandis que les 15-ieme et 16-ieme bits ont la valeur "0" ; 

les donnees enregistr6es dans les premiere a sixieme tables sont definies de facon que : 

les donnees enregistr6es dans la premiere table sont celles parmi les donnees du groupe A dans lesquelles 
les 1-iere et 2-ieme donnees ont toutes deux la valeur "O", le 15-i6me bit a la valeur "0 9 et le 16-ieme bit a la 
valeur "1 , et des donnees annexes a ces donnees pour indiquer I'etat de ces donnees ; 
les donnees en registries dans la seconde table sont des donnees complementers par rapport aux donnees 
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enregistr£es dans la premiere table ; 

les donnees enregistrees dans la troisieme table sont celles, parmi les donnSes du groupe A, dans lesquelles 
les l-i&re et 2-ieme donnees onttoutes deux la valeur # 0°, le 15-ieme bit a la valeur "1" et le 16-i§me bit a la 
valeur *0\ et des donnees annexSes a ces donnees pour indiquer les 6tats de ces donn6es ; 
les donnees enregistnSes dans la quatrieme table sont des donn6es complementers par rapport aux donnees 
enregistrees dans la troisieme table ; 

les donnees enregistrees dans lacinquieme table sont celles, parmi les donnees du groupe A, dans lesquelles 
les 1-iere et 2-ieme donnees onttoutes deux la valeur "0°, le 15-ieme bit a la valeur "1 " et le 16-ieme bit a la 
valeur "0°, et des donn6es annex6es a ces donnees pour indiquer les etats de ces donnees ; et 
les donnees enregistrees dans la sixieme table sont des donn6es compiementees par rapport aux donnees 
enregistrees dans la cinquieme table ; 

dans les moyens de selection, Tune des premiere k sixieme tables est seiectionnee, sur la base de donnees 
indiquant les 15-ieme et 16-ieme bits et des donnees indiquant les etats des donnees dans les premiere a 
sixieme tables, et les donnees a 18 bits qui satisfont les conditions (1) a (5) sont s6lectionn6es en association 
avec les donnees a 8 bits dans la table seiectionnee dans les moyens de selection, de maniere a former des 
donnees satisfaisant la condition (6). 

Dispositif selon la revendication 5, dans lequel des donnees indiquant les etats des donnees indiquent la valeur de 
DSV (valeur de somme numerique) des donnees. 
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